Epidemiological studies on the aetiology of multiple myeloma are reviewed as a background to this population based case-control study performed in an area with a high incidence of multiple myeloma. The purpose was to identify and evaluate several suspected environmental factors in relation to this disease. A total of275 confirmed cases diagnosed in four counties in northern Sweden during four years were compared with the same number of control subjects drawn from population registries. The controls were matched for age, sex, county, and vital status. Occupations and work associated exposures to chemicals and other potential carcinogens were assessed by an extensive questionnaire that also included questions on smoking habits, residential building materials, vicinity to electrical power lines, and leisure time contact with animals, electrical equipment, and chemicals. Information obtained from the questionnaires was completed by telephone interviews when necessary. Univariate analysis and multivariate logistic regression were performed. The study confirmed an association found earlier between farming and multiple myeloma. Some domestic animals (cattle, horses, and goats) and two types of pesticides (phenoxyacetic acids and DDT) were indicated as risk factors within farming. Exposure to electromagnetic fields, asbestos, and organic solvents were negatively associated with myeloma in this study.
hereditary influence.'
Exposure to high doses of ionising radiation is now generally accepted as a factor increasing the risk of developing multiple myeloma. Atomic bomb survivors in Hiroshima and Nagasaki have been clearly shown to have a dose related increase in the risk for multiple myeloma, with rather long latency periods.'7 Workers at the Hanford atomic plant in Washington State have been followed up regarding different causes ofdeath, and a statistically significant dose-response trend for degree of radiation exposure has been obtained for multiple myeloma, although this was based on few exposed cases."' A survey of all cohorts of persons exposed to radiation for which data on cancer related mortality were available showed an excess of multiple myeloma in most cohorts. '2 An association between farming and multiple myeloma was first found in a case-control study from Washington State. ' 3' but no firm conclusions could be drawn concerning any particular class of pesticides responsible for the increase in risk. A study from New Zealand did not find any significant differences between cases and controls regarding potential exposure to phenoxy herbicides, chlorophenols, or any other agricultural chemicals, whereas significantly raised RRs were found for sheep farming and exposure to beef cattle. '9 Exposure to asbestos has been connected with multiple myeloma in two recent case-control studies,2l 27 but by contrast a recent American study did not find any such association. 2' Furthermore, an American multicentre population based case-control study did not find any correlation between jobs with probable exposure to asbestos and multiple myeloma .32 Benzene is an established risk factor for acute leukaemia, and multiple myeloma and other haematological malignancies have been associated with exposure to benzene or other organic solvents. 223134 Occupational exposure to petroleum products gave an increased risk for myeloma in a case-control study27 as well as in a cohort study, 35 both from the United States. Other chemical exposures associated with observed increases in incidence or mortality in multiple myeloma in single studies encompass arsenic, 36 After the questionnaires had been completed by the interviewer, the front page, including name, personal identification number, and address, was removed, thus enabling a blinded coding of the answers by one of us (ME).
Some special considerations were taken into account when assessing different exposures. Thus as in earlier epidemiological studies in the same geographical area a minimum exposure of one whole working day was used for exposure to phenoxyacetic herbicides and the related chlorophenols.
If the information about type or trade names of biocides was lacking or unsure, even if there was a strong suspicion, the subject was only regarded as exposed to pesticides in general and not to any specific type of substance.
Exposure to organic solvents is common in some occupations, and also occurs in some leisure time work and hobby activities. Separate analyses were done for these two types of exposure.
Enquiries about the building material of all dwellings inhabited by the subjects were made. In the analysis, the subjects were regarded as exposed if they had ever lived in a house built of the material in question. Wood, stone, concrete, light concrete, plaster and brick were thereby analysed separately. According to estimations ofy-radiation from different building materials in Swedish dwellings' stone, concrete, and light concrete houses were also analysed by aggregation, and the same was done for plaster and brick houses.
Only subjects who reported that they had been living less than 1 km from electric power lines were regarded as exposed to an electromagnetic field. The above mentioned criteria for different exposures were all decided before the coding of exposure.
STATISTICAL METHODS
For calculation of the RR the maximum likelihood estimate was used, both in univariate and multivariate models. The procedures "match" and "logreg" in the statistical computer program "Epilog" was used for the univariate matched analysis and the multivariate logistic regression respectively. The 90% confidence intervals (90% CIs) were obtained with the approximative procedure described by Miettinen4 in the "match" procedure, and with the Newton-Raphson interactive technique in the "logreg". In all analyses the matched pairs were kept together.
All occupations as well as specific exposures were analysed in univariate analyses. Multivariate logistic regression was then used to evaluate the importance of different exposure factors. Occupations were not included in the multivariate model, as these were strongly connected with the specific exposure variables-for example, farmers with domestic animals. The following criteria were used to choose the exposure variables to be included in the multivariate model:
The RR in the univariate analysis had to be either (a) statistically significant with a 90% CI not including unity, or (b) > 1-5 or < 0-67 (1/1.5), and representing at least 10 exposed subjects. The variables should not cover other specific exposure variables. Thus the variable "all pesticides", which covers different specific pesticides, as well as the variables with combined types of building materials mentioned above, were excluded.
All variables that could meet these criteria were thus analysed in a multivariate model, in which all factors with a risk estimate between 0 9 and 1 1 were gradually excluded. Also, to check any potential confounding from variables not primarily included in the model, the Pearson-correlation coefficient among the referents was used.5' Thus factors with an absolute value of the correlation coefficient > 0-25 and with at least 10 subjects exposed were considered as relevant, and they were included in the model after the initial exclusion steps (table 5) .
Results
Ofthe 312 living subjects, 12 refused to participate in the study, and of the 238 deceased, no answers were obtained from the relatives of seven persons. The refusal rate was consequently 3-45%. Six of the refusers were cases and 13 were controls. Thus 19 subjects and their 19 matched counterparts could not seemed to be negatively associated with myeloma, but leisure-time use gave a slightly increased risk. Exposure to electromagnetic fields during work, which is the case for electricians and for linemen, and some other occupations, also gave a decreased RR, whereas residential exposure from power lines produced a risk around unity.
No statistically significant increased risk resulted from any type of residential building material, or from occupational exposure to radioactivity, activity as an amateur radio operator, work as hairdresser, or cosmetologist, or smoking.
For some exposure factors such as chemicals, animals, and residential building materials, where information on duration of exposure was good, a dose-response analysis was performed. Table 4 presents the results of this calculation for exposure factors with a statistically significant increased or decreased risk in the univariate analysis (table 1) .
Exposures to several domestic animals showed statistically significant increased RR only at the highest dose. This indicates a dose-response pattern and further supports an association between these animals and multiple myeloma.
MULTIVARIATE ANALYSIS
In the multivariate analysis several exposure factors were included according to the criteria described. Step tBuilding material in dwelling. Some exposure variables were introduced in the model as they were fulfilling the correlation criterion described above, but of these only man made mineral fibres gave an increased risk.
For further details on this multivariate analysis see table 5 .
In another approach to study the importance of different specific factors within farming and related work, a separate analysis was done including only the pairs with both subjects affirming work in farming or forestry. A total of 94 pairs were used in this analysis. It confirmed the mentioned domestic animals and pesticides as possible risk factors for multiple myeloma (table 6) .
Discussion
This study was performed to further evaluate risk factors for multiple myeloma described in other studies. The Swedish compulsory reporting system for malignant diseases makes it likely that almost all incident cases in the study area during the four years of inclusion were utilised. A matched study design controlling for age, sex, county, and vital status was used, thereby increasing efficacy in the analysis.
To reduce the possible influence of recall bias-for example, a supposed tendency for the cases to remember more hazardous exposures than controls -the aim of the study was unexpressed. Thus no allusion to the disease under study was made in the information to the subjects. Furthermore, the questionnaire asked for information on many different occupations and exposures not specially focussing on any debated risk factors.
To minimise theoretical observational bias during telephone interviews, any data disclosing whether the subject was a case or a control were removed from the questionnaires before they were completed over the phone. The final coding of the answers was also done blinded in this respect.
In the analyses univariate as well as multivariate methods were used. To 56 On the other hand, this investigation gave no support for any association between poultry and myeloma, an association that has been suggested in some univariate correlation studies from the United States.'6 18 30 57 The increased RR for exposure to pesticides supported results of an American case-control study in which no particular class of pesticides could be found responsible, however.3' In our present study both phenoxyacetic herbicides and DDT gave statistically significant increased RRs for multiple myeloma in the univariate analysis, and although the risks decreased somewhat, and were non-significant in the multivariate analysis, they both remained increased. No earlier studies exist indicating these pesticides as risk factors for multiple myeloma. Some studies have, however, disclosed phenoxyacetic herbicides as risk factors for non-Hodgkin's lymphoma.859 Myeloma and lymphoma are related lymphoproliferative diseases with occurrence of both diseases in some families4 and a possible common viral aetiology as already discussed. Thus it was an a priori hypothesis in this study that exposure to phenoxyacetic herbicides might be a risk factor for multiple myeloma. Consequently, it is less probable that the risk increase found was due to chance alone. Some of the phenoxy herbicides are contaminated with dioxins and furans, which can be highly toxic substances. The dioxin isomer 2,3,7,8-TCDD is a recognised carcinogen in animals"2 and other isomers also seem to have this property.63" A recent epidemiological study indicated that dioxins in phenoxyacetic herbicides and chlorophenols might be a risk factor for soft tissue sarcoma in human subjects.65 A carcinogenic effect by the phenoxyacetic herbicides themselves cannot be excluded, however.
DDT is a potent insecticide, the use of which was cancelled in the United States in 1972, and in Sweden in 1975, because of its harmful ecological effects, particularly on predatory birds and on marine life. It is a stable substance and may accumulate in human tissue where it is a potent inducer of the microsomal enzyme system of the liver. Carcinogenicity of DDT is also established in mice, causing liver and lung neoplasms as well as malignant lymphoma.TM Liver tumours have also been found in DDT treated rats.67 e8 Some epidemiological studies indicate a possible association between exposure to DDT and malignant lymphoma or chronic lymphatic leukaemia in human subjects.586970 TX,s may lend support to the indication of DDT as a risk factor for myeloma in our study, a finding not described earlier. Other pesticides such as creosote and arsenic have been connected to myeloma in some studies, but these findings were not verified in our present study.
Occupational exposure to asbestos as well as organic solvents, which in some, but not all, earlier studies have been identified as possible risk factors for multiple myeloma, were both negatively associated with myeloma in this study, thereby opposing any idea of association between these substances and multiple myeloma.
In the univariate, but not in the multivariate analysis, work with power saws gave a statistically significant increased risk for myeloma. A non-significant risk was also seen for tractor driving. These risks are reflected by the slightly increased risk for occupational exposure to engine exhausts found by univariate analysis. An association between engine exhausts and multiple myeloma was first suggested in an earlier Swedish study,29 in which the possible role of the known mutagenic agents in both diesel and gasoline exhausts was emphasised.
In the same study29 woodworkers in contact with fresh wood were found to be at increased risk for myeloma, which prompted us to evaluate the risk for people occupied in forestry, at a sawmill, or at a pulp industry combined. The moderately increased risk found in the univariate analysis was eliminated when logistic regression was performed.
A protective effect of being an electrician, or being exposed to electromagnetic fields in any occupation, was a constant finding with statistical significance even in the multivariate analysis. Display monitor units may generate weak electromagnetic fields, and their influence was studied separately. In this case also, exposure seemed to lower the risk for multiple myeloma, but the exposed subjects were few. On the other hand, the RR was close to unity regarding exposure to electromagnetic fields from power lines near the subjects' homes, with exposure defined as living less than 1000 m from the power line. The risk was not substantially influenced by the distance between home and power line (100 m and 500 m as criteria). No 
